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A portable computer (502) which protects privacy of video and/or audio output is provided. In one embodiment, the computer (502) 
provides no text or graphic output other than to a head-mounted display (520). In one embodiment, coupling of a head-mounted display 
(520) to a computer (502) automatically disengages a screen output. In one embodiment an active state of a screen output is sensed and a 
warning is provided to a user of a head-mounted display (520). 
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ULTRA PORTABLE COMPUTER 
The present invention relaxes to a full-function portable computer which preferably may be 
smaller than a notebook computer and in particular to a portable computer with a head-mounted 

display. 

BACKGROUND INFORMATION 

As the technology used in computing devices has evolved, the limiting factor on the size or 
5 "footprint" of a portable computer has been screen size. Attempts to red u ce, a computer to a footprint 
smaller than that of the typical "notebook" screen size have not been successful (compared e.g. to the 
success of the notebook computer) and industry, in general has operated on the assumption that the 
notebook size screen defines the smallest commercially practicable full-function portable computer 
footprint since smaller screen sizes cannot provide the legibility required by the purchasing public for a 
10 full function computer (as opposed to smaller-screen special purpose devices such as "personal 

communication devices" which are not full-function computers, are not used to display the full range of 
video displayed typically output by a personal computer). 

Because of the perception in the industry that the lower limit for the portable computer footprint 
has been reached, little effort has been expended recently, on further reducing the size of the full- 
1 5 capability portable computer. Instead, efforts generally have been focused on providing greater 
functionality within the notebook-size footprint Accordingly, it would be advantageous to provide a 
more compact full-function personal computer such as one having a size or footprint smaller than that of 
the notebook computer without sacrificing legibility of video output 

Similar considerations apply to input devices such as keyboards. Some keyboards have been 
20 provided which are compact such as being about the size of the notebook display screen. However, 
despite the fact mat such small size keyboards are considered inconvenient or uncomfortable by many 
users, little effort has been expended on providing more comfortable and convenient input devices since it 
has been believed, in the past, that full-functionabiliry could not, practically, be achieved in a device 
having a footprint smaller than the typical notebook computer display device. Thus, there was thought to 
25 be little use in expending effort on reducing the size of keyboards or other input devices for full-function 
computers smaller than the footprint of the notebook computer. Accordingly, it would be advantageous to 
provide a full-function computer which is not practically limited by the display screen size, so that smaller 
and/or more portable keyboards can be advantageously provided. 

Many previous portable computing devices have been limited in terms of convenience. 
30 Currently, users of portable computing devices such as the traveling business person have been burdened 
by the necessity to carry both a personal notebook-type computer and a cellular telephone, each often 
having its own batteries and/or battery chargers/AC adapters. This is cumbersome and inconvenient in 
many circumstances including business circumstances which optimally would provide the ability to set up 
and communicate within a very short time. Accordingly, it would be useful to provide devices that have 
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functions formerly provided by separate units such as computers and cellular telephones, while avoiding 
the need to carry and/or use separate batteries, chargers, and/or adapters. 

Portable computing devices previously have been further limited in terms of convenience by 
requiring that some or all components be manually carried from place to place, such as in a fashion 

5 similar to a "notebook" or similar to luggage (portable computer often being provided with carrying 
cases fortius purpose). Accordingly, it would be useful to provide a full-function computer which 
could be transported more conveniently than by manually carrying the computer, and preferably while 
reducing the number of separate units which the user must transport, as noted above. 

A number of devices have been designed which can provide computer video output directly to 

1 0 the eyes of a user such as by a head-mounted display or helmet-mounted display. Examples of such 
devices include those described in U.S. Patent 5,303,085, and serial numbers 08/416,838; 08/416,919; 
08/416,840 and PCT/US94/01390, incorporated herein by reference. One difficulty with such previous 
devices is that they are typically configured for use with relatively heavy computers and require the 
user to be coupled thereto, e.g., by a cable for transmitting the video signal from the computer to the 

1 5 head-mounted display. Even when head-mounted displays are coupled to, for example, laptop 
computers, such systems are unnecessarily large and heavy, e.g., because these devices provide, 
typically, a display screen. 

Portable computers such as laptop and notebook computers commonly suffer from a number 
of deficiencies. One such deficiency is mat these devices typically provide video output on a screen 

20 which provides insufficient privacy protection in the sense that another person can view the screen 
display "over the shoulder" of the user. Even if a laptop computer user is using an alternative display 
such as a head-mounted display, there is no convenient and completely satisfactory way of preventing 
display on the laptop main display screen. Because one who is using an alternative viewing device 
such as a head-mounted display typically will not be looking at the screen of the computer, mere is a 

25 risk that unbeknownst to the user, the main display screen of the laptop may switch to a mode which 
displays on the main screen while the user is using the alternative device, thus compromising privacy. 
Similar concerns arise from privacy of audio output from a computer which is a growing concern in 
connection with computers which provide, e.g., synthesized speech or other output which may be 
sensitive and should be protected from unwanted disclosure to others. Accordingly, it would be 

30 advantageous to provide for a portable computer which adequately and conveniently protects privacy 
of computer output. 

SUMMARY OF THE INVENTION 
35 The present invention relates to a computer which provides for ease of use and portability, 

e.g., for the business traveler, preferably having convenient communication facilities such as cellular 
phone capability. In one embodiment, the apparatus is extremely compact, having a footprint which is 
approximately the size of a PCMCIA device. This small footprint can be achieved since it is possible 
to dispense with the typical display screen by using a head-mounted display for die primary and/or sole 
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display output. The input device can also be compact such as a foldable keyboard which may 
communicate with the computer through as infrared, radio or other wireless link. In one embodiment, 
the computer includes a 486-style processor on a first PCMCIA and a cellular phone on a second 
PCMCIA, optionally with a hard drive or other memory or storage device on a third PCMCIA, 
mounted preferably in stacked fashion and coupled to a power supply such as a battery via a 
backplane/PCMCIA carrier. In one embodiment, the primary output of the computer is a head- 
mounted display device and the primary input is a wireless keyboard. 

In one embodiment, by providing the computer which does not nave a built-in display screen, 
the main chassis of the computer can be provided with a much lighter weight and provided at a lower 
cost than previously. Furthermore, the requirements for the physical size the computer are reduced. 
This reduction in weight and/or size requirements can be taken advantage of in several ways. In one 
confiauration, a smaller and/or lighter weight system is provided and the system may be sufficiently 
small that the device can be conveniently worn by the user, e.g., on a belt loop, shoulder strap, harness, 
or as part of the head-mounted device. In another embodiment, the system can be provided with a 
larger keyboard than provided in previous devices without providing a system whose overall size 
(excluding the head-mounted display, if any) is comparable to that of currently-available systems 
having a built-in display screen. 

A frequent complaint with respect to laptop computers is that the built-in screen display, 
which is typically an LCD or active matrix display, is difficult to read because of its small size and/or 
lack of contrast By providing a private display, the present invention can supply the user with a 
display having the appearance of a large-size display with contrast which is largely controllable since 
there is little if any variation in viewing angle. 

In one embodiment, the head-mounted display and/or keyboard communicates with the 
portable computer via a cable. In another embodiment, some or all of the communication is provided 
using a wireless link such as an infrared communication link, a radio communication link or the like. 

In one embodiment of the invention, in order to provide a system which is extremely portable, 
the device is configured with the folding keyboard. In this way, it is possible for a complete system 
including input (e.g., keyboard) and output (e.g., video) devices, to be provided which can be easily 
accommodated in one or more modules that can comfortably be worn, e.g., on a belt loop, etc. 
) In one embodiment, the full-function comptuer avoids the need for manual transportation by 

making some or aU components of the full-function device substantially wearable. In one 
embodiment, the main computing device is sufficiently small and lightweight that it can be worn, e.g., 
on a belt loop. In another embodiment, the computing device is incorporated into the head-mounted 
display so that a full-function computer and video display unit is wearable on the user's head. 
5 Although it is possible to provide an input device, such as a foldable keyboard, as a separate unh, it is 
also possible to use headtracker and/or eyetracking as an input device so that the head-mounted 
computer contains both input and output functions as well as full computing functions all mounted on 
the user's head. 
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The present invention provides a system which can be more easily used and accepted by the 
traveling public, e.g., since such a device can be easily used on an airplane or other transportation 
mode without the user risking disclosure of sensitive business or other information. Because h is 
anticipated that the present invention can be used easily during airplane transportation, in one 
5 embodiment, the invention also provides for ease of coupling the head-mounted display to display 
some or all of airline video information such as flight safety information and/or in-flight movies or 
other entertainment. In one embodiment, the head-mounted display is provided with a coupling which 
is configured to fit into and operate with either a computer video output device or an aircraft in-flight 
video output coupler. In another embodiment, the computer is coupled to and receives airline video 
10 data such as in-flight entertainment and/or safety video data and outputs to the head-mounted display 
both information from the airline source and from the computer source, e.g., m a split-screen or 
picture-whta-a-picture mode or in a swhchable fashion. Preferably, a device configured in this 
fashion will be arranged so mat safety information and/or emergency information will override 
computer output so that this information can be provided to the user of the head-mounted display 
15 preferentially. In one embodiment, the computer can bt coupled to a communication link such as a 
radiotelephone, mobile telephone, cellular telephone or other communication link so that the user can 
access remote information while maintaining privacy. 

According to one embodiment of the invention, a portable computer is provided with a head- 
mounted display in such a way that video display privacy can be protected. Preferably, audio output 
20 privacy can also be protected. In one embodiment, the portable computer contains no built-in display 
screen. In this way, mere is no danger mat the display screen may be inadvertently activated 
unbeknownst to a privacy display user. In one embodiment, a display screen is provided or can be 
optionally attached, but the computer is provided with a coupling mechanism whereby when a head- 
mounted display is coupled to the computer, the screen is automatically disabled from providing 
25 output. In one embodiment, the head-mounted display is provided with an audible or visible warning 
signal when the portable computer screen display (if any) is activated. In one embodiment, similar 
protection is provided for audio headphone output which may be built integrally with a head-mounted 
display device. For example, the portable computer can be provided without a built-in speaker or other 
audio output device. A portable computer can be provided such that when a headphone unit is coupled 
30 to the computer, the built-in speaker is automatically disabled. A system can be provided in which a 
video or audio warning is provided to a user if the built-in speaker of the computer is activated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 fig. i is a block diagram of a portable computer according to previous devices; 

Fig. 2 is a block diagram of a portable computer with privacy output according to an 
embodiment of the present invention; 

Fig. 3 is a drawing of a foldable keyboard according to an embodiment of the present 
invention; 
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Fis. 4 is a schematic diagram of an apparatus for disconnecting built-in screen output upon 
connecting the head-mounted display device; 

Fig. 5 is a block diagram of a small-footprint portable computer according to an embodiment 
of the present invention; 

5 Fig. 6 is a perspective partially exploded view of a wearable computer according to an 

embodiment of the present invention; 

Fig. 7 is a perspective view of a combination 386/486 PC computer and cellular phone 
according to an embodiment of the present invention; and 

Fig. 8 is an exploded perspective view of the embodiment of Fig. 7. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
As shown in Fig. 1, previous portable computer devices provided a main computer chassis 
102 having a CPU 104 coupled to a key board 106 a screen display 108 and typically having a speaker 
15 110. Typically the CPU 104 contains output ports 1 12a, 112b which can be used for various purposes 
such as outputting information to auxiliary displays, to headphones, to printers, modems and the like. 

Fig. 2 depicts a portable computer according to an embodiment of the present invention. The 
chassis 102 is not coupled to a screen display. Instead, the chassis 102 is coupled to a head-mounted 
display 1 14 and, optionally, headphones 1 16. 
20 Fig. 5 depicts an embodiment in wnich me apparatus has a footprint with a width and depth 

similar to the size of a PCMCIA card, i.e., about 8.5cm. by about 12.5cm. In the depicted 
embodiment, the computer 502 is made up of a column or a stack of PCMCIA cards held in place by 
coupled PCMCIA carriers adjacent a backplane 504 for communication among the cards and which 
may also contain the battery or other power source, b the depicted embodiment, a first PCMCIA card 
25 506 includes a processor such as a 386 or 486-type processor and associated buses, memory and input 
and output devices, such as the type of card available under the trade name Epson card-386 
(SLE8632509) and sold by Seiko Epson. In the depicted embodiment, a second PCMCIA card 508 is 
coupled to the processor card 506 via backplane 504 with the second card 508 containing data storage. 
A number of data storage devices can be used such as a hard disk, an array of random memory devices, 
30 optical storage and the like. One memory device which can be used is that which is available as model 
EHDD260 ("260MByte Hard drive") from Seiko Epson. 

A third PCMCIA card 510, again coupled by a backplane 504 to the processor card 506, can 
be used to provide communication capability. In one embodiment, the co mm unica t ion card provides 
telephone functions, e.g., modem capability for coupling the computer 506 to other computers, to on- 
3 5 line services, to local or national or international networks such as the Internet 

The computer is preferably also coupled to a telephone such as a cellular. One type of cellular 
telephone is that sold underthe trade name Ericsson by KRC 1 13 of 193. The card may be provided 
with a cellular telephone antenna 512 or may be provided with a telephone Tl jack 514 e.g., for 
coupling to a land line using an onboard modulator-demodulator (modem). The telephone card 510 
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can also be provided with a coupler 516 for attaching a handset and/or telephone keypad for using the 
computer 502 as a voice communication device. Communication to the handset/keypad can be either 
by way of a cable or through a wireless link such as an infrared or radio link A number of other 
components 5 1 8 can also be coupled to me computer 506 via the backplane 504 such as auxiliary 
5 batteries or other power devices, floppy disk drives, CD-ROM drives, soundboards or other multimedia 
hardware, and the like. 

In the depicted embodiment, video output is via an HMD 520 preferably communicating over 
a wireless link such as an infrared or radio link 520. An input device such as a keyboard, pen input 
device, mouse, trackball or joystick 524 can be coupled to the backplane 504 via a wireless link 526. 
1 o Using this construction, the footprint of the computer 502 has a width 532 of about 14-20cm. 

which is only slightly larger man the width 534 of the PCMCIA card in its carrier and has a depth 536 
approximately equal to the depth of a PCMCIA card and carrier. In one embodiment, the computer 
502 has a width 532 of about 19cm. and a depth 536 of about 10cm. The height 538 will depend on 
how manv components and carriers are included in the package, in an embodiment in which only the 
15 processor 508, data storage 506 and cellular phone 510 components are included, the height may be, 
e.g., about 7cm. If a battery pack is attached, the effective height may be greater. Using mis 
configuration, a full functioning computer can be provided 502 which has a relatively small weight 

The device is particularly convenient for a traveler such as a business traveler since the highly 
compact and lightweight computer 502 is small enough to be conveniently worn, e.g., on a belt, 
20 shoulder strap etc. and the input and output 520, 524 can be used without the need to attach via cables. 

Further space and weight reduction is obtained by using a common power source 504 for both 
the computer and the telephone, thus freeing the user from the need to carry separate battery packs, AC 
converters, chargers and the like for both a telephone and a computer. 

In one embodiment, the computer 502 can be provided with audio capability for recording 
25 sounds such as voice. In this way, the computer 502 can also function as an electronic dictaphone with 
the added capability of downloading dictation, instructions etc., at high speed, e.g., over a phone line, 
Internet, local network etc., for processing by a secretary, word processing department etc. By 
providing capability of high-speed downloading, the instructions and dictation can be transmitted at 
minimal telephone or other communications cost 
30 Because the computer 102 does not have a screen display, it is impossible for others to 

compromise display privacy by viewing a screen "over the shoulder". Similarly, because computer 
1 02 does not have a built-in speaker 1 10, it is impossible for others to hear audio output which is 
output by the computer. 

In another embodiment, the computer 102 can optionally be coupled to a display screen 108 
35 (either built-in, as in the case of common laptop configurations, or attachable by a user. However, in 
order to assure privacy, it is preferred, in mis embodiment, to construct the coupling 1 1 8 by which the 
head-mounted display 1 14 communicates with the computer 102 in such a way that whenever the 
head-mounted display 1 14 is coupled to the computer, the display screen 108 is automatically 
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decoupled or is automatically configured to warn the HMD user of activation of die screen display. In 
one embodiment, this is achieved by providing a plug in the computer 102 which receives a 
complimentary plug at the end of a head-mounted display cable. As depicted in Fig. 4, one socket of 
the coupling 1 1 8 in the computer for receiving a head-mounted display coupler pin 402 has a spring- 
5 mounted 406 cap 405 coupled to a lever 408 which controls a switch 4 1 0 thus, when the user inserts 
the head-mounted display cable plug into the computer video port plug 1 18, pin 402 causes cap 405 to 
move against the urging of spring 406, moving lever 408 about pivot point 409 opening switch 410. 
Thus, 4 1 0 can be used to control the power supply to the screen 1 08. A standard shorting jack can also 
be used for mis purpose. In this way, whenever the head-mounted display 1 14 is plugged into plug 
10 118, power to the display screen 108 is automatically disconnected thus assuring that mere will be no 
inadvertent activation of the display 108 while a user is viewing the video output using the head- 
mounted display 1 14. If desired, the apparatus can be configured so that the power line providing 
power to the built-in display 108 is coupled to a sensor 422 which provides screen power status 
information to the CPU 1 04. The CPU 1 04 is configured to output a warning signal to the head- 
1 5 mounted display 1 1 4 and/or headphone 1 1 6 whenever the sensor 422 senses that the screen 1 08 is 
being supplied with power. Thus, the user of the head-mounted display 1 14 can be provided with a 
warning that privacy may be compromised. If desired, this warning feature can be provided regardless 
of whether the plug switch 410 feature is provided. 

As depicted m Fig. J, the keyboard 302 can be provided whh wo or more scciious 304a, 
20 304b, 304c which pivot around hinges 306a, 306b so that the keyboard 302 can be folded for carrying 
and/or storage. This configuration becomes feasible in a computer which does not have a built-in 
screen 1 08. Screens 1 08 typically cannot be folded and thus, in previous devices, the minimum 
"footprint" that could be provided to a user was largely dependent on the size of the screen. Because 
users typically require at least a minimum size screen, there was little point in providing key boards 
25 which could be folded or otherwise compacted into a smaller shape since the device as a whole could 
not be smaller than the screen size. In the present invention, however, since it is not necessary to 
provide a built-in screen, it becomes much more advantageous to take advantage of the ability to fold 
or otherwise compact other components such as keyboard components as depicted in Fig. 3 . 

Fig. 6 depicts another embodiment in which the full-function computer is incorporated as part 
30 of the head-mounted display to provide a full-function wearable computer, preferably a head-mounted 
computer. In this embodiment, the HMD includes image sources such as LED rays 602a 602b. A first 
printed circuit board 604 provides the electronics for driving the image sources 602a 602b, e.g., as 
described in U.S. patent application serial number 08/416,919, incorporated by reference. A backplane 
606 provides for communication among the HMD board 604, the computer PCMCIA 506 and the data 
35 storage PCMCIA 508. In mis case, the backplane 606 does not contain the power supply or source. 
Instead, in the depicted embodiment, the housing 100 includes a battery pack or other power supply 
which communicates via cable 34 with the HMD computer 608. An optional cable 134 can be 
provided for recharging and/or providing external power to the unit if desired. The housing 1 00 can, if 
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desired, also house a headtracker and/or a mechanism for adjusting straps 1 04a 104b. A cover 6 1 0, 
which may be attached to a forehead brace 612 and may include user controls 614a 614b and/or LED 
or other lights or indicators 616 covers the electronics 608. The memory device 508 can be used for a 
number of purposes including storing game software or other software for generating the images to be 
5 displayed, storing movies or other audio/video entertainment or presentations and the like. 

Although the present inventions has been described by way of a preferred embodiment and 
certain variations and modifications, other variations and modifications can also be used, the invention 
being defined by the following claims. 

The cellular phone may be integrated with the computer in a number o fashions. They may 
1 0 share the same power source, either simultaneously or switchably. The computer speaker output may 
be sent to the cellular phone speaker and/or the HMD headset. The cellular phone microphone may 
provide input to a "soundboard"-type microphone input of the computer or, as noted above, the HMD 
may have a microphone coupled to it for user voice input, such as for telephone communication and/or 
voice recognition. If desired voice recognition can be used as the primary input device so that a 
15 keyboard may not be necessary. Similarly, although the device can be provided with a mouse input 
port, it is possible to use eyetracking devices in the HMD to emulate mouse controls. If the HMD 
provides headphones and a microphone, it is possible to construct the device without a cellularphone 
"handset", using only the cellularphone printed circuit board and substituting the HMD headset and 
microphone for the cellularphone speaker and microphone, respectively. The cellular pnone can also 
20 be integrated with he computer by way of data sharing via a modem which can be integrated on the 
backplane or PC board of the device with appropriate backplane connections to the cellular phone for 
enabling data communications over a cellularular telephone link (and/or land line) using the modem. 
If desired it is possible to integrate the Computer card an phone card and/or the PC board 844 and 
Phone card onto a single card or board. 
25 The PC board, in addition to providing a substrate for holding the PCMCIA carriers or 

sockets, and providing communications lines, also can be used for power supply (power conditioning 
and level control), and to provide computer bus functions ("glue logic"). The board may also provide 
circuitry for enabling or taking advantage of power saving features of the computer card, wherein 
functions and/or devices which are unused for at least a certain minimum time are powered-down, 
30 preferably so as to permit later powering up substantially without loss of functions or data. 

As seen in fig 8, in one embodiment, the device includes a cellularphone upper cover (of the 
"flip-phone" style) with an area for accessing a speaker, a microphone and a phone-type keypad, the 
cellular telephone printed circuit board 8 12 can be any of a number of types such as one from an 
Ericsson KRC 113193 cellularphone, providing normal cellularphone functions and components such 
35 as speaker 814, keypad 816, display 818. Other components include a Hard disk drive card 820, a 
PCMCIA socket 822, a 386/486 computer PCMCIA 824, a keyboard port 826, a mouse port 828, a 
jack for an external power supply (such as from an AC/DC converter) 830, a socket for an HMD video 
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port 833, another PCMCIA socket 836, a back cover 838 and a battery pack 840, which may be of the 
normal cellular phone battery back style, and a housing 842. 

If desired the device can provide an additional PCMCIA slot so a user can easily add further 
functionality such as additional memory or other functions commonly provided via a PCMCIA 
5 connection. 

Preferably, the computer is a full function computer operating under a DOS and/or Microsoft 
Windows operating system or user interface, as opposed to the operating systems of a typical "personal 
communications device" which is typically not DOS based. 

In the configuration of Fig 8, a circuit board 844, which is generally parallel to the computer 
1 0 card 824 and memory card 820, provides the functions of the backplane, such as communications 
among components (bus functions), power supply/regulation, and the like. 
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^HiVTTS n .AIMED B: 

1 . A computer system comprising: 

a computer chassis having a CPU, defining a footprint with a width less than about 
20cm and a depth less than about 10cm; 

a head-mounted display coupled to said computer chassis for displaying a video 

5 output; and 

a cellular telephone coupled to said computer chassis to receive at least power 

therefrom. 

2. A computer system, as claimed in claim 1 , wherein said head-mounted display is 
coupled to said computer chassis via a wireless link. 

3. A computer system comprising: 

a computer chassis having a CPU; 

a head-mounted display coupled to the computer, 

at least a first input device coupled to the computer chassis wherein said computer 
5 has no built-in output device for providing graphic or text output other than said head-mounted 
display. 

4. A computer system, as claimed in claim 3, wherein said computer chassis includes a 
cellular telephone board. 

5. A computer system, as claimed in claim 3, wherein said input device comprises a 
keyboard. 

6. A computer system, as claimed in claim 5, wherein said keyboard is coupled to said 
computer chassis via a wireless link. 

7. A computer system, as claimed in claim 5, wherein said keyboard includes means for 
moving portions of the key board with respect to other portions to reconfigure the keyboard between 
an expanded shape and a compact shape. 

8 . A computer system, as claimed in claim 3 , further comprising means for sensing 
coupling of a head-mounted display to said computer and, in response, automatically disabling output 
to a screen display. 

9. A computer system, as claimed in claim 3, further comprising means for sensing an 
active state of a screen display and, in response, outputting a warning to a user. 
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10. A computer system, as claimed in claim 1, further comprising a keyboard coupled to 
said computer chassis via a wireless link. 
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